SUMMARY. The aim of this study was to evaluate the worldwide trends in surgical techniques for esophageal cancer surgery by comparing it to our survey from 2007. In addition, new questions were added for gastroesophageal junction (GEJ) cancer. An international survey on surgery of esophageal and GEJ cancer was performed among surgical members of the International Society for Diseases of the Esophagus, the World Organization for Specialized Studies on Disease of the Esophagus, the International Gastric Cancer Association. Also, surgeons from personal networks were contacted. The participants filled out a web based questionnaire about surgical strategies for esophageal and gastroesophageal cancer. The overall response rate was 478/1147 (42%). The respondents represented 49 different countries and 6 different continents. The annual cumulative number of esophageal and gastric resections per surgeon was low (≤11) in 11%, medium (11-21) in 17%, and high (≥21) in 72% of respondents. In a subgroup analysis of esophageal surgeons the number of high volume surgeons increased from 45 to 54% over the past 7 years. The preferred lymph node dissection was two-field in 86%. A gastric conduit was the preferred method of reconstruction in 95%. In 2014, the preferred approach to esophagectomy was minimally invasive transthoracic in 43%, compared with 14% in 2007. In minimally invasive transthoracic esophagectomy the cervical anastomosis was favored in 54% of respondents in 2014 compared with 87% in 2007. The preferred technique of construction of the cervical anastomosis was hand-sewn in 64% and stapled in 36%, whereas the thoracic anastomosis was stapled in 77% and hand-sewn in 23%. The preferred surgical approach for Siewert type 1 tumors (5-1 cm proximal of the GEJ) was esophagectomy in 93% of respondents, whereas 6% favored gastrectomy and 3% combined a distal esophagectomy with a proximal gastrectomy. For Siewert type 2 tumors (1-2 cm from the GEJ) an extended gastrectomy was favored by 66% of respondents, followed by esophagectomy in 27% and total gastrectomy in 7%. Siewert type 3 tumors (2-5 cm distal of the GEJ) were preferably treated with gastrectomy in 90% of respondents, esophagectomy in 6%, and extended gastrectomy in 4%. The preferred curative surgical treatment of esophageal cancer is minimally invasive transthoracic esophagectomy with a two-field lymph node dissection and gastric conduit reconstruction. A strong worldwide trend toward minimally invasive surgery is observed. The preferred surgical treatment of GEJ tumors is esophagectomy for Siewert type 1 tumors and gastrectomy for Siewert type 3 tumors. The majority of surgeons favor an extended gastrectomy for Siewert type 2 tumors.
INTRODUCTION
Esophageal cancer is an aggressive disease, illustrated by the annual worldwide mortality rate of approximately 406.800. The estimated incidence was 482.000 in 2008. Nowadays it is the sixth leading cause of cancer-related mortality. 1, 2 The curative treatment for locoregional tumors of the esophagus or gastroesophageal junction (GEJ) consists of (combinations of) chemotherapy, radiotherapy, and surgery. Several aspects of its surgical treatment are currently under debate. One of these topics is the introduction of thoraco-laparoscopic surgery. Open esophagectomy and gastrectomy with en bloc lymphadenectomy are associated with considerable morbidity and mortality. Minimally invasive esophagectomy and gastrectomy are associated with better postoperative outcomes, such as a reduction in complication rate, but are complex procedures with long learning curve. 3, 4 Another topic of debate is whether to perform a transhiatal or transthoracic esophagectomy for distal esophageal cancer. Transhiatal esophagectomy is associated with less morbidity compared with transthoracic esophagectomy, 5 however, the long-term oncologic results may be inferior due to a less radical en bloc esophagolymphadenectomy. 6 Regarding the esophagogastrostomy, some surgeons prefer an intrathoracic location, whereas others favor a cervical anastomosis. Furthermore, a hand-sewn anastomosis is preferred by some surgeons, whereas others favor the stapled technique. 7 A distinct entity in upper gastrointestinal surgery are GEJ tumors. These can be categorized by means of the TNM7 system, in which the tumors are recognized and staged according to either the esophageal or gastric classification. 8 Also, Siewert and coworkers have classified the location of the GEJ tumors into type I (1-5 cm proximal to the GEJ), type II (1 cm proximal-2 cm distal to GEJ), and type III (2-5 cm distal to GEJ). 9 It is generally assumed that Siewert type I tumors are treated with esophagectomy, whereas Siewert type III tumors should be resected by means of gastrectomy. However, no clear treatment strategy exists for Siewert type II tumors. 10, 11 In 2007, a worldwide survey on preferences in the surgical treatment of esophageal tumors was conducted to provide an insight in the surgical preferences at that time. 12 The objective of the current survey was to evaluate the current surgical practice and to identify trends. In addition, new questions were added for GEJ cancer. A secondary aim was to assess the differences between the preferences of surgeons from different continents.
MATERIALS AND METHODS
A cross-sectional international survey was performed to evaluate the preferences in surgery for cancer of the esophagus or GEJ. Invitations for the English web-based survey were sent to 351 members of the International Society for Diseases of the Esophagus (ISDE), 152 members of the World Organization for Specialized Studies on Disease of the Esophagus (OESO), and 615 members of the International Gastric Cancer Association (IGCA). The members of the IGCA were only questioned about surgery for GEJ tumors, not esophageal tumors. The associations gave their approval for the distribution of the survey invitations. Also, the questionnaire was forwarded to 29 Dutch gastroesophageal surgeons from the network of the investigators (JPR, RvH). The invitations for participation were sent in July 2013 (ISDE & OESO) and in September 2013 (IGCA). A total of 2 monthly reminders were sent to the members that did not respond. The surveys were also distributed at the 12th OESO World Congress in Paris and the 11th Congress of the European Society for Diseases of the Esophagus in Rotterdam. In case the surgeons were members of more of these associations, they were requested to fill in the survey only once. The records of the respondents were checked by hand, based on name, email-address, and IP-address for any duplicates. In case of duplicate records, only the initial response was included. The survey was closed January 31st 2014.
The survey consisted of questions about demographics, preferences for diagnosis, classification, and treatment. The adenocarcinomas of the GEJ were divided into type 1, 2, and 3 according to the Siewert classification. 9 Subgroup analyses were made between surgeons' volume and continent. The contribution of Africa and Oceania was <5% of the total response, so these continents were not included in the subgroup analysis.
Percentages were presented as values rounded to the nearest integer, so no decimals are shown in the text.
RESULTS

Demographics
The survey was filled out by 248/615 respondents from the IGCA and 230/532 respondents from the OESO and ISDE. Therefore, the overall response rate was 42% (478/1147). The respondents represented 49 different countries and 6 continents ( Table 1 ). The majority (65%) of the respondents indicated that they worked in a university hospital. The reported annual cumulative number of esophageal and gastric resections was low (≤11) in 11%, medium (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) in 17%, and high (≥21) in 72% of respondents. With respect to continent, 60% of respondents from Asia perform high volume surgery. Europe, South America, and North America are showing lower percentages of high volume surgery, respectively 32%, 23% and 16%.
Esophageal cancer
For tumors of the esophagus the minimally invasive transthoracic approach was preferred in 43%, followed by the open transthoracic approach (38%), the open transhiatal approach (15%), and the minimally invasive transhiatal approach (4%). This means a three-fold increase in the number of respondents favoring the minimally invasive technique since 2007 ( Fig. 1 , Table 2 ). Also, an increase in the case volumes of esophageal resection per respondent was seen (Fig. 2) .
The high-volume respondents preferred the minimally invasive esophagectomy more frequently than the low-volume respondents. In conventional open surgery 93% of respondents performed a right-sided thoracotomy in 2014, which is comparable to 2007 ( Table 2) . In Europe and North America a greater majority preferred a two-field lymph node dissection, whereas in Asia both the two-field and three-field lymph node dissections were reported almost equally (Fig. 3) . A three-field lymph node dissection was performed in 15% of high-volume surgeons compared with 6% of low-volume surgeons.
The preferred method of reconstruction was a gastric conduit in 95%. In case a gastric conduit was favored, the staple line was oversewn in 68% of respondents. Less favorite reconstructions were jejunal interposition (3%), colonic interposition (2%), and whole stomach (1%). Sixty-eight percent of respondents favor an intrathoracic anastomosis over a cervical anastomosis for an open transthoracic esophagectomy, this is an increase as compared with 2007 (Fig. 4 , Table 2 ). Also, for minimally invasive transthoracic surgery a trend toward intrathoracic anastomosis was seen. (Fig. 4, Table 2 ). The technique of the cervical anastomosis was preferably hand-sewn by 71% of respondents from Europe, 57% from Asia, and 69% from South America, whereas 56% of respondents from North America preferred the stapled technique. In contrast, the majority (77%) of respondents from all continents favor the stapled technique for the intrathoracic anastomosis.
GEJ cancer
Diagnosis and classification
For choosing the optimal treatment for GEJ tumors, adequate determination of tumor location is pivotal because the location affects the surgical procedure. Esophagogastroscopy was deemed most important by 81% of respondents, followed by computed tomography-scan in 14%, EUS in 2%, PET-scan in 1%, and diagnostic laparoscopy in 1%. The Siewert classification was used solely by 39%, the TNM7 by 16%, whereas 45% of respondents indicated that they used both the Siewert classification and the TNM7 classification.
Treatment
The preferred surgical approach for Siewert type I tumors was an esophagectomy, Siewert type III tumors were preferably treated with gastrectomy ( Fig. 5 ). For Siewert type II tumors an extended gastrectomy was favored by 66% of respondents, followed by esophagectomy and total gastrectomy in (Fig. 5 ). The surgeons with low or medium annual case volumes preferred an esophagectomy more often than high volume surgeons with regard to Siewert type II tumors (Fig. 6 ) According to the respondents the initial surgical strategy for all GEJ tumors was estimated to alter during the actual surgery at an average of 10%. Interestingly, the surgeons who indicated that they only performed esophagectomies have rarely favored the option of gastrectomy for Siewert type II tumors (Fig. 7) , while they did select this option for Siewert type III tumors. Also, the gastric surgeons who did not perform esophagectomies, seldomly preferred esophagectomy for Siewert type II tumor, whereas they did for type I tumors. Concerning lymph node dissection, the majority of the respondents who performed an esophagectomy for GEJ tumors preferred a two-field dissection (Fig. 8a) . The respondents who perform a gastrectomy for GEJ tumors favored a D2 lymph node dissection (Fig. 8b) .
DISCUSSIONS
In this study, the current worldwide trends in esophageal and GEJ surgery for cancer were evaluated by means of a survey among gastroesophageal surgeons. The results were compared with the survey conducted in 2007 to analyze trends. In addition, new questions were added for GEJ cancer. It was found that a transthoracic esophagectomy with twofield lymph node dissection and gastric conduit reconstruction was the preferred procedure to resect esophageal cancer. An increase in popularity of minimally invasive esophagectomy was seen, especially among high volume surgeons. Furthermore, this international survey has a specific focus on the surgical treatment of GEJ tumors, as no general agreement on various aspects of its surgical treatment has been established. Therefore, an overview of the preferences of international upper gastrointestinal surgeons provides an important inside in current practice. This study showed that both extended gastrectomy and This study reflects the professional opinion of a substantial part of the international upper gastro-intestinal surgeons. By contacting all surgical members of the major esophageal and gastric cancer societies both fields of expertise are represented. All participants received identical questionnaires as in 2007 to ensure consistency in results. By excluding duplicates from overlapping memberships, the quality of the answers was improved. The response rate of 42% indicates that this survey is a partial representation of worldwide practice. This response rate might introduce a bias as a selected group of surgeons may have responded. However, the response rate is comparable to the rate of the survey conducted in 2007. Also, it needs to be taken into account that the members of the participating societies form a sample of the surgeons worldwide. Not all surgeons are members of these societies, introducing another bias. Inevitably, this study evaluates expert opinions rather than objective measures, which should be taken into account before generalizing these findings.
Esophagus
Comparing the results of this survey for esophageal surgery to our previous survey from 2007, 12 an increase in the case volumes of esophageal resection per respondent was seen. Most probably this trend will continue, considering that still 25% of the respondents were low-volume surgeons (<11 esophageal resections per year) in 2014. The number of surgeons performing low-volume or medium-volume esophageal resections are expected to decrease, as studies have shown the influence of high-volume esophageal surgery on postoperative morbidity and mortality. [13] [14] [15] [16] It might even be argued that the threshold for high-volume resection (>21 esophageal resections per year) is relatively low. The numbers for low and high volume were deliberately chosen to match our previous survey from 2007 and reflect the cutoff point for esophageal surgery in the Netherlands. By choosing the same cutoff values we were able to identify possible trends in surgical techniques. However, we feel that a true high volume center might perform over 50 or even 100 esophagectomies per year.
Furthermore, the trend toward minimally invasive surgery was found in all continents and is in line with systematic reviews and meta-analyses indicating advantages of minimally invasive esophagectomy, such as reduced blood loss, postoperative (pulmonary) complication rate, and hospital stay, compared with open esophagectomy. 17, 18 The preferred lymph node dissection was two-field in Europe, North America, and South America compared with an equal distribution between two-and three-field in Asia. A recent meta-analysis demonstrated that more lymph nodes were retrieved in the East, defined as Asia, compared with the West, defined as Europe, Australia, and North America. 19 Literature shows that surgeons performing minimally invasive esophagectomy were able to perform equally adequate two-and three-field lymph node dissections, compared with open esophagectomy. 19 Concerning the long-term oncologic outcomes of minimally invasive esophagectomy, evidence is still lacking. Radicality percentages and lymph node retrieval were demonstrated to be equal, but no comparative data on survival exist to date. 4 No difference between 2007 and the current survey concerning the preferred extent of lymph node resection was seen. The preferred type of reconstruction is a gastric conduit. In the previous survey from 2007, a whole stomach was used more often, especially by surgeons from Asia and North America and more experienced surgeons. 12 This is a positive development, as literature shows that a gastric conduit is accompanied by less complaints of dysphagia, a better quality of life and possibly increased survival rates. 20 With regard to the anastomosis a trend in favor of intrathoracic anastomosis after open transthoracic esophagectomy was seen. This preference for the intrathoracic anastomosis can possibly be explained by an association with more evidence about a lower leak rate and less recurrent nerve trauma. 21 Furthermore, there was an increase in applying a stapled intrathoracic anastomosis instead of a handsewn intrathoracic anastomosis.
This might be due to the overall increase in experience with minimally invasive techniques in which staplers are used frequently. However, evidence on the optimal location and technique of the anastomosis is not conclusive.
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GEJ cancer
Regarding GEJ tumors, results of this study show a preference for esophagectomy for Siewert type I tumors and gastrectomy for Siewert type III tumors. In case of Siewert type 1 tumors, distal esophagectomy and proximal gastrectomy was preferred by a small minority of the respondents. This procedure is not recommended as it leads to severe GERD and may compromise the oncologic outcome.
11 For Siewert type II tumors both extended gastrectomy and esophagectomy were frequently used. In Asia the extended gastrectomy was more popular, whereas in North America the majority of respondents favored esophagectomy. The preferred lymph node dissection was two-field for esophagectomy and D2 for gastrectomy.
Even though the diagnostic accuracy of the location of the GEJ tumors is limited to 70%, 22 only 10% of the initial surgical approaches is estimated to be converted to another procedure. This survey indicated that high volume surgeons treated Siewert type II tumors more frequently by means of extended gastric resection rather than esophageal resection.
The wide variety in surgical treatment of type 2 GEJ tumors illustrates that there is a need for clear evidence based guidelines. Future prospective studies should evaluate the optimal surgical procedure for GEJ type II, preferably by means of a randomized controlled trial. Moreover, patients with GEJ tumors should be treated in a center that provides both esophageal and gastric surgery. As GEJ tumors are located at the transitional area between the esophagus and stomach, the surgical team has to be capable of performing both procedures.
CONCLUSION
Regarding esophageal surgery a worldwide increase in minimally invasive esophagectomy was observed in this study. Furthermore, there seems to be a rise in high-volume centers for esophagectomy. Differences between continents were found with regard to extent of lymph node dissection and location of the anastomosis. With regard to GEJ cancer there is a need for clear evidence based guidelines, mainly for type II GEJ tumors. For that purpose a randomized trial is proposed.
